In previous study, the role of graphite on tribological behavior of cast iron was examined, and the model of cast iron in wear mechanism was proposed. However, this wear mechanism is the model for macro scale test, and has the possibility of showing behavior different from the model shown by the macro scale test in micro-nano scale test. Then, in this study, nano scratch test was carried out by using cast iron and S45C steel as a comparison, it aimed to examine role of graphite in cast iron for the micro-nano scale. As a result, it was understood that the model shown in the macro scale test was the same in micro-nano scale test. And in micro-nano scale, it thought that formation and maintenance of graphite film were dependent on the stick slip phenomenon by increase in indentation depth accompanying increase in load.
Introduction
Because material may show different behavior in macro scale and micro-nano scale, there is a problem peculiar to miniaturized. For example, in Overney and others report (1) , although it was known well that the fluorocarbon represented by PTFE in macroscale show a coefficient of friction lower than hydrocarbon, nano-micro scale showed bringing a reverse result. In previous study (2) , the role in wear action of graphite in cast iron was examined, the model of wear mechanism in cast iron was constructed. The model was that firstly, graphite in cast iron was pushed out by the surface from inside of cast iron matrix by plastic deformation, and next, graphite stretches and spreads on the surface and forms ultra-thin carbon film (about 2-4nm), and formation and maintenance of ultra-thin carbon film are seen only in state of mild wear, the load bearing of carbon film accompanying severe-mild transition has a limit. However, this wear mechanism was built as a result of macro scale test. Therefore, different behavior may be shown in micro-nano scale. So, in this study, nano scratch test was carried out by using cast iron and S45C steel as a comparison material, it aimed to examine role of graphite in cast iron for micro-nano scale. Fig.1 shows schematic drawing of nano-scratch device. TriboScope made from Hysitron was used as frictional machine of this study. The scanning probe microscopy (SPM) by SII NanoTechnology Inc. was equipped with this triboscope. And vertical load, frictional force, and indentation depth were measured using this device.
Experimental apparatus and procedure

Experimental apparatus
Fig.1 Schematic drawing of nano-scratch device
Indenter and specimen
In this study, we used a Berkovich type indenter with a tip of the regular triangular pyramid. Fig.2 shows schematic drawing of indenter. Moreover, Fig.3 shows sharp and size of specimen. Cast iron that a total carbon was 3.49% (made by Nippon Piston Ring Co., Ltd.) and commercial S45C car bon steel (0.45mass%C) were used for the specimens. specimen sharp was block of 3mm ×5mm×17mm and the surface was finished with buffing. Table 1 shows chemical composition of cast iron. Table 2 shows surface roughness and hardness of both specimens. Load in nano indentation hardness measurement was set to 1000mN.
Fig. 2 Shape of Berkovich diamond indenter
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Experimental condition and procedure
Scratch test was constant load test in this study. In this study, the direction and the sliding direction of the indenter were determined as the y direction of Fig. 2 . This was because it was hard to generate destruction by stress concentration compared with the case where the ridgeline part of indenter is in agreement with the slide direction (3) . Table 3 shows test condition. Indentation load was three kinds, 2.5mN，5mN. Sliding distance was 8μm and sliding velocity was constant at 0.27μm/s. We selected the scratch position to cross graphite in the path. 3. Result and discussion Fig.4 shows relationship between normal force and sliding distance at S45C steel and Fig.5 shows relationship between frictional force and sliding distance at S45C steel. In S45C steel, fig.4 shows normal force was constant during scratch test. Also in the case of cast iron, normal force was constant. Moreover, since the inclination of curve was in coincident for every load in the beginning of slide, it was thought that this inclination was the spring constant of indenter system. The value was 1197 (N/m) from the average obtained by two sorts of loads. shows the properties of coefficient of friction and indentation depth against sliding distance for cast iron at 2.5mN, 5mN. Then, gray area as a result of cast iron shows the graphite area in cast iron. These figures show the typical behavior while we carried out the same experiment from 3 to 6 times. About S45C steel, coefficient of friction showed characteristic change in indentation load. At 2.5mN, coefficient of friction was steady value in about 0.55. Fig. 6 The properties of coefficient of friction and indentation depth against sliding distance at S45C steel Fig. 7 The properties of coefficient of friction and indentation depth against sliding distance for cast iron at 2.5mN Fig. 8 The properties of coefficient of friction and indentation depth against sliding distance for cast iron at 5mN
In this study, we discussed in consideration of three kinds of wear types (cutting type, wedge formation type and ploughing) and change in coefficient of friction respectively in abrasive wear that Hokkirigawa and Kato proposed (4) , (5) . The result of Hokirigawa and others is referred to below. Firstly, Fig.9 shows change in coefficient of friction for cutting type. Cutting type has the feature of change in coefficient of friction that coefficient of friction hardly changes, after coefficient of friction rises at first. Next, Fig.10 shows change in coefficient of friction for wedge formation type. From this figure, it is understood that friction coefficient increases during the formation of wedge as between B-C. And it is understood that rapid decrease in coefficient of friction between C-D is for the gross slip of the formed wedge. And Fig.11 shows change in coefficient of friction for ploughing type. It is understood that in ploughing type coefficient of friction is low in comparison with other wear type. cal Design, ecause they used hemispherical hard ball, to be exact, ovich indenter differed in this study, the result obtained deration of the result of these Hokkirigawa and others.
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For S45C steel, in case of at 2.5mN, it was thought that it was cutting type (4) from change of coefficient of friction that we showed in Fig.9 . At 5mN, coefficient of friction was steady value in about 0.55 similarly. Coefficient of friction suddenly decreased afterwards. Although wear type was cutting type like 2.5mN until this decrease occurred, because the gross slip occurred by discharge of wear debris at surface, it was thought that coefficient of friction decreased rapidly. For cast iron, at 2.5mN of Fig.7 , in graphite area, coefficient of friction decreased, thereafter, increased. In this graphite area, inclination of coefficient of friction which was different from inclination of the spring constant was seen. From this, after increasing by the spring constant of indenter, it was thought that increase in coefficient of friction by wedge formation type (4) occurred. That is to say, it was thought that later coefficient of friction lower than S45C steel was based on the formation of graphite film resulting from wedge formation. And coefficient of friction at cast iron was about 0.4 or 0.3 lower than about 0.55 at S45C steel. Next, at 5mN of Fig.8 , when arrived at graphite area, although coefficient of friction decreased a little, it increased immediately. And coefficient of friction decreased rapidly immediately after passing graphite area. However, coefficient of friction lower than S45C steel did not become like 2.5mN, the curve of coefficient of friction similar to S45C steel was shown. Because coefficient of friction increased in graphite area like 2.5mN, it was thought that graphite film was formed by wedge formation (4) . And it was thought that decrease in coefficient of friction after having passed graphite area was caused by the stick-slip phenomenon. That is to say, the stick of indenter occurred by wedge formation and when indenter got over the wedge, it is thought that indenter caused the slip. Immediately after passing graphite area, because of increase in indentation depth, stick slip occurred and it is thought that the formed graphite film was broken. If surface roughness was improved and a fluid lubrication state was maintained, although it was possible to prevent the stick slip phenomenon (5) , since surface roughness worsened by increase in indentation depth, it was thought that the stick slip phenomenon was caused.
Theoretical value calculation of frictional force in nano scratch test
We considered the model of nano scratch test and calculated theoretical value of frictional force. Frictional force F is shown by the following equation (1) by the model of Bowden and others (6) .
Here, F s is adhesion term, F p is plouhging term. And let F s denote equation (2) and let F p denote equation (3).
Where A s is contact area, A p is contact projection area, τ is shear strength and H is hardness. Here, Hardness adopted value of nano indentation hardness shown in Table 2 . Next, Fig.12 shows the model of scratch test. A s and A p which were shown by equation (2) and equation (3) were a position shown in this figure, respectively. And definitions of length and angle about Berkovich indenter are shown in Fig. 13 . Here, w, a, and d were defined. From these definitions, a and w are geometrically denoted by equation (4) and equation (5), respectively. (6) and equation (7) this definition, respectively.
Here, because of Mises's stress (7) , shear strength is about 0.58 of tensile strength. Therefore, cast iron and S45C steel of shear strength are 197.2MPa, 329.4MPa (8) , respectively. Using these values, we calculated the theoretical value of cast iron matrix and S45C steel to 600 nm for every depth of 10 nm. Fig.14 shows relationship between calculation value of frictional force and indentation depth. From this result, it was understood that cast iron matrix and S45C steel were almost identical results.
Fig.14 Relationship between frictional force and indentation depth (Calculation value)
Next, coefficient of friction was calculated from theoretical frictional force. Because coefficient of friction is value that divide frictional force by load, at first we determined load in equation (8) .
W is load here. A s and H are contact area and hardness which were shown in previous, respectively. So, we divided theoretical frictional force of the cast iron matrix and S45C steel, respectively. As a result, coefficient of friction was 0.49 in cast iron matrix and 0.52 in S45C steel. When test result shown Fig. 8 and Fig. 9 was compared with these values, cast iron and S45C steel were also the almost same numerical value. Therefore, it could be said that this calculation result was appropriate.
It was thought also from this result that the cause of coefficient of friction lower than cast iron matrix after passed through graphite area in Fig. 9 was because graphite in cast iron formed graphite film.
The action model in nano scale of graphite in cast iron
Wear model at before and after in 2.5mN, 5mN were shown in Fig.15 and Fig.16 , respectively. This figure was based on data of indentation depth and sliding distance obtained from scratch test. And width of graphite and height from graphite surface were measurement. And value of depth was rough value to have possibilities to transform elasticity after indenter passed. At 2.5mN of Fig.15 , when indenter reached graphite area, because graphite was soft, indentation depth increased. Because of low load, increased indentation depth stopped in middle of graphite. And in graphite area, it was thought that due to wedge formation of graphite, graphite film was formed.
At 5mN of Fig.16 , it was thought that when indenter reached graphite area, because load was large, indenter penetrates graphite and reaches cast iron matrix. Afterwards, due to wedge formation of graphite, graphite film was formed as well as 2.5mN. However, it was thought that the formed graphite film was broken by stick slip in end of graphite area.
From these models, it was understood that the model in previous report (2) that graphite in cast iron formed graphite film in macro scale test was the same in micro-nano scale test. And in micro-nano scale, it thought that formation and maintenance of graphite film were dependent on the stick slip phenomenon by increase in indentation depth accompanying increase in load, while it proposed that it was dependent on load in macro scale, Before after 
Conclusion
In this study, nano scratch test carried out by using cast iron and S45C steel as a comparison material, it aimed to examine role of graphite in cast iron for micro-nano scale. I would like to note the conclusion as follows, 1. It was understood that the model shown in macro scale test was the same in micro-nano scale test.
2. In micro-nano scale, it thought that formation and maintenance of graphite film were dependent on the stick slip phenomenon by increase in indentation depth accompanying increase in load.
